Objective: To develop and validate an English version of the Neuromuscular (NM)-Score, a classification for patients with NM diseases in each of the 3 motor function domains: D1, standing and transfers; D2, axial and proximal motor function; and D3, distal motor function. Design: Validation survey. Setting: Patients seen at a medical research center between June and September 2013. Participants: Consecutive patients (NZ42) aged 5 to 19 years with a confirmed or suspected diagnosis of congenital muscular dystrophy. Interventions: Not applicable. Main Outcome Measures: An English version of the NM-Score was developed by a 9-person expert panel that assessed its content validity and semantic equivalence. Its concurrent validity was tested against criterion standards (Brooke Scale, Motor Function Measure [MFM], activity limitations for patients with upper and/or lower limb impairments [ACTIVLIM], Jebsen Test, and myometry measurements). Informant agreement between patient/caregiver (P/C)-reported and medical doctor (MD)-reported NM scores was measured by weighted kappa. Results: Significant correlation coefficients were found between NM scores and criterion standards. The highest correlations were found between NM-score D1 and MFM score D1 (rZÀ.944, P<.0001), ACTIVLIM (rZÀ.895, P<.0001), and hip abduction strength by myometry (rZÀ.811, P<.0001). Informant agreement between P/C-reported and MD-reported NM scores was high for D1 (kZ.801; 95% confidence interval [CI], .701e.914) but moderate for D2 (kZ.592; 95% CI, .412e.773) and D3 (kZ.485; 95% CI, .290e.680). Correlation coefficients between the NM scores and the criterion standards did not significantly differ between P/C-reported and MD-reported NM scores. Conclusions: Patients and physicians completed the English NM-Score easily and accurately. The English version is a reliable and valid instrument that can be used in clinical practice and research to describe the functional abilities of patients with NM diseases.
According to Rossi et al, 1 neuromuscular diseases (NMDs) encompass "all disorders caused by an abnormality of any component of the lower motor neuron system: anterior horn cell, peripheral nerve, neuromuscular junction, or muscle." In fact, whatever the cause, most NMDs involve impairment and most frequently a progressive decline of motor function.
There is an increasing interest in developing valid outcome measures to assess motor function and describe the effects of interventions especially in multinational trials [2] [3] [4] ; thus, several functional quantitative scales have been developed. Some are disease-specific (eg, Hammersmith Motor Ability Score, 5 Modified Hammersmith Functional Motor Scale, 6 expanded version of the Hammersmith Functional Motor Scale, 4 North Star Ambulatory Assessment 7 ); others, such as the Motor Function Measure (MFM), 8 are designed for all NMDs and applicable regardless of the patient's ambulant status. These quantitative scales measure motor functional capabilities under controlled conditions and are administered by trained physical therapists within 20 to 30 minutes. Nevertheless, several scales lack the sufficient sensitivity to change that would enable detecting the effects of interventions on motor function in clinical trials.
The work by Palisano's team 9 (ie, the Gross Motor Function Classification System [GMFCS] in cerebral palsy) emphasizes clinical severity scales/classifications that describe a patient's functional status. These classification systems are helpful in clinical research to stratify patients of equal abilities, thereby reducing sample variability. Previous functional rating scales developed specifically for individuals with dystrophinopathies did not consider all components of motor function; Brooke 10, 11 and Vignos 12 and colleagues grades describe only the upper body function and the ambulatory capacities, respectively.
To address the need for a standardized method to classify the motor functions of patients with NMDs, the Neuromuscular (NM)-Score was first developed and validated in French. 13 Based on a statement by the World Health Organization about the potential influence of personal and environmental factors on the way patients with NMDs manifest their mobility capacities, 9 the NM-Score focuses on motor function performance under typical current circumstances, not under controlled test conditions.
To extend the applicability of the NM-Score to English-speaking countries, the NM-Score was translated and cross-culturally adapted and is here tested for concurrent validity against other established outcome measurements (MFM, 8 ACTIVLIM [activity limitations for patients with upper and/or lower limb impairments], 14 Brooke Scale, 10, 11 Jebsen-Taylor Hand Function Test, 15 and selected myometry measurements) in a cohort of patients with congenital muscular dystrophy (CMD). Because this instrument can be equally used by both patients and parents (the most familiar with the patient's performance in daily living), informant agreement between patient-reported and clinician-reported clinical severity scores was also assessed.
Methods
This study is part of a National Institutes of Health (NIH) protocol entitled "Clinical and 
NM-Score classification
The NM-Score is a questionnaire-based clinical severity score first developed in French to assess the functional ability of patients with NMDs in 3 domains: standing position and transfers (D1), axial and proximal motor function (D2), and distal motor function (D3). A rigorous methodology of development and validation of the NM-Score has demonstrated its content validity through a Delphi process that involved 23 experts. 13 Its reproducibility was considered good. For D1, D2, and D3, the levels of agreement between raters were 82.9%, 78.1%, and 75.6%, and the kappa coefficients were .77, .69, and .64, respectively. The disagreements were minimal, a maximum of 1 point whatever the domain. There were significant correlations between the NM scores and the MFM scores: À.881 for D1, À.702 for D2, and À.495 for D3. In addition, the correlations were strong between the NM score D2 and Brooke Scale (rZ.642), and between the NM score D1 and Vignos Scale (rZ.862).
Translation and adaptation of NM-Score into English
Guillemin et al 16 proposed a set of standardized guidelines for cross-cultural adaptation of health-related quality-of-life measures based on previous research in psychology, sociology, and published methodological frameworks. These guidelines include recommendations for obtaining semantic, idiomatic, experiential, and conceptual equivalence in translation by using backtranslation techniques and committee reviews.
In accordance with these guidelines as described in figure 1 , two independent French to English translations were completed and compared, thereby leading to a reference version. The cultural sensitivity of the questionnaire phraseology was carefully considered because of the difference in the approach to disability between the French and the American culture. Then, a backtranslation of the reference version was completed and compared with the initial French version by a committee of NMD experts (physical therapists, physicians, nurse practitioners) to identify any misinterpretations and finalize the NM-Score English version (appendix 1).
Validation study of English NM-Score
As per the NIH protocol, all the participants were diagnosed with CMD (clinical, muscle biopsy AE genetic testing): collagen 6e related disease, laminin alpha 2erelated disease (LAMA2-RD), or
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ACTIVLIM activity limitations for patients with upper and/or lower limb impairments CI confidence interval CMD congenital muscular dystrophy GMFCS Gross Motor Function Classification System LAMA2-RD laminin alpha 2erelated disease MD medical doctor MFM Motor Function Measure NIH National Institutes of Health NM neuromuscular NMD neuromuscular disease P/C patient/caregiver unclassified CMD. Their functional abilities were assessed by skilled physical therapists using standardized assessment tools including MFM, ACTIVLIM, Brooke Scale, Jebsen-Taylor Hand Function Test, and myometry. The MFM measures functional abilities in persons with NMDs who are 2 to 60 years of age. 8, 13 The ACTIVLIM is a selfadministered 20-item questionnaire that measures activity limitation in patients with upper or lower limb impairments, or both. 14 The Brooke Scale is a 6-point ordinal scale that assesses the upper limb ability. 10, 11 The Jebsen-Taylor Hand Function Test is a standardized and objective evaluation of hand function through simulated activities of daily living. 15 Myometry measurements (hip abduction, knee extension, elbow extension) were carried out according to a standardized method. Myometry data were expressed as percentages of the reference values based on sex, age, and weight. 17 In each patient, the NM-Score was rated independently by a physician (medical doctor [MD]) (MD_NM-Score) and by the patient or caregiver, or by both (patient/caregiver [P/C]) (P/C_NM-Score). The P/C version included a descriptive paragraph about the study and a request to provide feedback about its usefulness and limitations. The processes of questionnaire administration and scoring of this P/C version were standardized.
Statistical analysis
Quantitative variables were described as means, SDs, and ranges. Categorical variables were described as frequencies or percentages. A 2-way analysis of variance was used to compare the MD_NM-Scores between the 3 diagnosis groups (collagen 6e related disease, LAMA2-RD, and unclassified CMD) and the 2 ambulant status groups (ambulant and nonambulant). The product term for interaction between diagnosis and ambulant status was considered but finally dropped from the model (P>0.2). A BoxCox transformation was applied to the NM scores and to other variables that did not follow normal distributions.
Spearman correlation coefficients were used to evaluate the relationship between the 2 sets of measurements: (1) NM scores D1, D2, and D3 (MD and P/C) and (2) the standard instruments (MFM, ACTIVLIM, Brooke Scale, Jebsen-Taylor Test, and myometry). A P value of .01 was used as the significance level to adjust for multiple tests.
The strength of agreement between P/C_NM-Scores and MD_NM-Scores was assessed by Cohen's weighted kappa coefficient (k), a measure of chance-corrected agreement. This kappa was interpreted as poor (<0.4), moderate (0.4e.59), good (0.6e 0.8), or excellent (>0.8). 18 
Results
Overall, 42 patients (23 boys, 19 girls) aged 5 to 19 years (mean age AE SD, 10.8AE3.5y) were enrolled in the current validation study. All MD_NM-Scores were obtained after patient observation, examination of medical records, and interviews with the patients or their caregivers. Most of the P/C_NM-Scores (27) were obtained from patients and their caregiver together, whereas only 2 were obtained from the patient alone and 13 from the caregiver alone. The feedback provided by the patients and the caregivers was positive. Only 3 families expressed the need for clear definitions of some medical terms. Table 1 describes the patients' characteristics with the medians and the ranges of the MD_NM-Scores and P/C_NM-Scores in the 3 domains D1, D2, and D3 according to the 3 diagnosis groups. As expected from the disease phenotypes, D1 was the most severely affected domain in all diagnosis groups, with patients having LAMA2-RD the most severely affected (only 10% of ambulant patients).
A trend toward a floor effect was seen for the MD_NM-Score D1. The median score in all patients was 3 (range, 2e4); 14 patients (33.5%) scored 4, indicating severe limitations regarding standing and transfers.
The 3 diagnosis groups showed significant differences for MD_NM-Scores D1 and D3 (PZ.0004 and PZ.02, respectively) but not for MD_NM-Score and D2 (PZ.13). Nonambulant patients scored significantly higher (had more severe conditions) than ambulant patients in all MD_NM-Scores (D1, D2, and D3: P<.0001, PZ.0005, and P<.0001, respectively). Table 2 shows the mean values of different assessments used as criterion standards at baseline and the correlation values found between the NM scores and the other measurements. All the correlations were high and significant, except between MD_NM-Score D3 and the Jebsen writing subtest (rZ.33). The Spearman correlation coefficients between NM score D1 and MFM_D1, ACTIVLIM, and hip abduction strength measured by myometry (Myo_Hip_Abd) were the highest and ranged from À.944 to À.811. The correlations were found to be lower for NM scores D2 and D3.
Concurrent validity of NM-Score
Informant agreement between MD_NM-Scores and P/C_NM-Scores Table 3 lists the distributions of the agreements and disagreements between the levels of classification in each domain. Overall, the patients were fairly evenly distributed among the most impaired levels of each domain, except for NM score D3, for which no patients scored 4. As expected, in all domains, few patients scored 0, which corresponds to the ability of unaffected subjects. Regarding domain D1, the pairs of raters (P/C, MD) agreed on the level of the NM-Score for 31 patients and disagreed by 1 level for 11; P/Cs scored 9 of 11 patients as more severe (higher score) than MDs estimated. For NM score D1, the informant agreement between P/C_NM-Scores and MD_NM-Scores was excellent (kZ.801; 95% confidence interval [CI], .701e.914).
The disagreements between paired raters were more frequent with NM score D2 (20 disagreements by 1 level and 1 disagreement by 2 levels) and NM score D3 (18 disagreements by 1 level) than with NM score D1, but here we did not find a trend toward overscoring by P/Cs versus MDs (10 vs 11 for D2 and 8 vs 18 for D3) as was the case with NM scores D1. For NM scores D2 and D3, the informant agreement between P/C_NM-Scores and MD_NM-Scores was considered moderate (NM score D2: kZ.592; 95% CI, .412e.773; NM score D3: kZ.485; 95% CI, .290e.680).
As shown in table 2, the correlation coefficients between the NM scores and most of the criterion standards were not significantly different between P/C_NM-Scores and MD_NM-Scores, except for MFM D3 and Jebsen_feeding subtest for which significantly higher correlation coefficients were found with the MD_NM-Scores.
Discussion
The main objective of the current study was to create an English language version of the NM-Score and assess its validity in a population of English-speaking participants with NMD. A secondary objective was to explore the informant agreement between the MD_NM-Scores and P/C_NM-Scores and the differences in agreement according to the disease severity and to the NMScore domains. 13 Within the limits of the sample studied here, our results demonstrate that the English version of the NM-Score described accurately the abilities of the participants and was able to classify them reliably into homogeneous groups on the basis of their daily performance whatever their ambulant status or their diagnosis group, or both, thereby providing good evidence for its construct validity. The results confirmed our hypothesis that the NM-Score reflects accurately the overall disease severity. The concurrent validity was demonstrated by interesting correlations with the criterion standards. The poor correlations between Jebsen scores and D3 may be explained by the unfavorable effect of a proximal motor function (D2) on positioning and stabilizing the upper limb for adequate distal motor function (D3), especially regarding feeding, writing, or seizing small objects, which are fine motor activities.
Patients and caregivers found the NM-Score easy to complete and provided positive feedback. However, the P/C_NM-Scores tended to be higher than the MD_NM-Scores on D1 (not on D2 or D3). This highlights the usefulness of the NM-Score for patients and families who wish to determine patient performance in daily living activitiesdfor example, for patient self-reported registries. This trend and the level of agreement by domain are similar to previous similar reports. For example, in a study of behavior problems in children with epilepsy, the informant agreement varied according to the domain of the Child Behavior Checklist, and the mothers reported more problems than the teachers. 19 However, the comparison with the present study is not straightforward because in most cases here, the P/C_NM-Scores were obtained from parents and children together, whereas in the epilepsy example, parents and children responded separately. The correlations between P/C_NM-Scores and the criterion standards were not significantly higher than those obtained between MD_NM-Scores and these criterion standards. This makes it difficult to determine which score is the most accurate. Since patients/caregivers are the most familiar with their daily performance, they should be carefully interviewed by the clinicians when completing the MD_NM-Score.
Interestingly, the Spearman correlations between MD_NM-Scores and MFM subscores were higher in the present study than in the previous French validation study (.94 vs .88 for D1, .75 vs .70 for D2, and .81 vs .49 for D3). It is thus likely that the motor function assessed here (ordinary circumstances, patients with CMD only, and aged 5e19y) is closer to the motor capacity assessed under optimal conditions than in the much more heterogeneous French validation population (various NMDs, ages 6e60y).
Our project is indebted to the work of Palisano et al 20 on cerebral palsy, especially regarding the GMFCS. Similar to this instrument, the NM-Score classification was based on a qualitative clinical description of motor function through relevant items or "word pictures." The NM-Score does not rely on performance but rather on patient interview and observation. The raters were asked to carefully read the questionnaire and the instructions before the NM-Score use, but no specific training was provided. However, to avoid incorrect interpretations and overcome differences in clinical experience, we recommend that teams of professionals undergo a training phase, independently score several participants, and then discuss the results before adopting the NM-Score in daily clinical practice. The major difference with the GMFCS is that the NM-Score is expected to change during the course of most NMDs, whereas the GMFCS would remain the same because it was designed to provide a prognosis.
The English version of the NM-Score involved a multidisciplinary group of experts in the translation and adaptation of the classification. The recourse to a committee for the backtranslations was recommended by several authors to identify misinterpretations and promote expert exchanges. 16, [21] [22] [23] Indeed, the back-translation revealed several semantic inconsistencies that were then corrected. For example, the English-speaking cultural approach to disability led to the use of a more positive terminology to describe handicaps compared with the original version (eg, "limitation" instead of "deficiency"). A partial validation study was carried out after translation and adaptation to confirm the metrological properties of the English version, because a complete English cross-cultural translation and adaptation may not have conferred equivalent psychometric properties. 24 Within the context of the current advances in understanding and treating NMDs, the NM-Score should be of interest to practitioners and clinical researchers. In clinical practice, it is an easy-to-use tool to describe patients' performance status in 3 motor function domains. It will ease physician-patient discussions about usual daily living activities at home and prevent focusing on the best patient capacities in the controlled, and limited, environment of a clinic. The scoring system can help health professionals record standardized information on a patient's functional abilities and anticipate any rehabilitative needs. It can also be used to assess the effects of medical interventions, including the use of assistive technology and adaptive equipment, but only when the effects are of sufficient magnitude. In research, the NM-Score is able to describe precisely the motor function of a given population and classify the patients into homogeneous groups of disease severity, for instance, for the purpose of quickly defining trial populations. Unlike the Vignos Scale and Brooke Scale, the NM-Score provides a full description of a patient's motor function in all domains for all NMDs and is therefore superior for patient stratification. However, the NM-Score is as poorly sensitive to change as the Vignos Scale or Brooke Scale
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; it cannot be used as an outcome measure to evaluate moderate treatment efficacies because the motor function change needed to move from one level to another is too large.
Study limitations
One study limitation is that all patients had a diagnosis of CMD; however, the range of patient severity was sufficiently broad to test the scale classification. Because of the limited size of the sample and because it consisted only of patients with CMD, though it included walking and nonwalking subjects, the results of the present study cannot be readily generalized without caution. Besides, in the present study setting, it was not possible to analyze the differences between the various assessments (patient, parent/ caregiver, both) because of the small sample size; only 2 patients were able to perform self-evaluation.
Conclusions
The NM-Score provides an accurate functional description of patients with NMDs in terms of motor performance in 3 different functional domains, and enables patient stratification into homogeneous groups. The NM-Score provides a description of the functional status that is not limited to the walking ability; this enables its use over a broad range of neuromuscular disorders. It can be administered by physicians, caregivers, or patients. In population studies, instead of simple percentages of specific abilities, the NM-Score provides measurements of disease severity in each of 3 functional domains. If this classification proves as useful as we expect it to be, clinicians will be able to use its objective data for various clinical or research purposes.
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